Introduction

43
The sedimentary record of lakes is one of the best archives for reconstructing past variability in lake records is the development of parameters that can be used as reliable 57 proxies for the different environmental processes that affect lakes and their catchments.
58
The most successful approach developed so far has been that obtained from multi-proxy 59 datasets, because it enables the co-record of climate variability on the basis of different 60 physical, chemical or biological processes (Last and Smol, 2001 ).
61
In this context, environmental magnetic techniques have made an important 62 contribution to these multi-proxy datasets because they are cheap, non destructive, and conducted (see Liu et al., 2012; Oldfield, 2013) . 75 Here, we present a source-to-sink environmental magnetic study of lacustrine 76 sediments cored from Lake Sanabria (Zamora, NW Spain), which constitutes a unique below the lake surface (Vega et al., 2005) . Lake Sanabria is a warm (4. 
310
Other remarkable features within Unit 1 are two short-lived minima in S-ratios at 311 around 545 and 640 cm, which correspond to two detrital layers characterized by 312 relative minima in TOC and higher than background Rb/Zr ratios (Fig. 3) .
313
Variations in magnetic properties with sedimentary environments are further 314 illustrated in a plot that relates S-ratios versus ARM values (Fig. 4) highest values of ~1.5 10 -3 mA -1 in the upper part of Unit 1 (Fig. 3) . The stepwise below 590°C observed in most samples (Fig. 6f, g ) supports the ubiquitous occurrence 342 of magnetite. χ ARM /SIRM ratios reported in the core range between 0.3 and 1.5 10 -3 mA -1 (Fig. 3) , which is always lower than the value of 2 10 -3 mA -1 that is typically regarded 344 as indicative for magnetite grains produced by magnetotactic bacteria (Oldfield, 2013 (Fig. 6h) . Nevertheless, S-ratios lower than 0.8 throughout Unit values similar to those of sediments from Unit 3 and the lower part of Unit 2 (Fig. 4b) .
384
The only exceptions are three till and three schist samples, whose SIRM/χ ratios 385 overlap with those of sediments from Unit 1 and the upper part of Unit 2.
386
Thermal demagnetization results indicate that the IRM of tuffs, granites, schists and 387 gneisses from the catchment of Lake Sanabria is nearly completely destroyed below 388 590°C, which points to the occurrence of magnetite in these lithologies ( Fig. 5a-d) .
389
Magnetite appears to be the dominant magnetic mineral also in Quaternary till samples,
390
where the IRM disappears completely also below 590°C (Fig. 5e, f Fig. 6a-e ). An additional decrease in IRM intensity is 394 observed below 350°C in gneisses, granites, schists and some till samples (Fig. 5a, b, and is followed by a smoother decrease (Fig. 6c-e) . This peak is different to the slight 400 deflection attributed to the thermal alteration of maghemite (see Fig. 6f, g) highly unstable under oxic conditions prevailing during weathering and transportation.
430
For it to be present as a detrital mineral, a rapid transport mechanism minimizing Fig. 6f, g ). The bulk magnetic properties of these sediments
445
clearly depart from those of the main catchment rocks (Fig. 4) transition from Units 2A and 1E and the uppermost 2.5 m of the studied core (Fig. 3) . It 463 seems, however, that diagenetic conditions alone cannot explain the magnetic 464 assemblage of these fluvio-lacustrine sediments. Thus, the occurrence of some 465 maghemite in these sediments suggests pedogenic activity in the lake catchment prior to 466 the transport of detrital material into the lake (see Liu et al., 2012; Oldfield, 2013) .
467
ARM values of some till samples, well above those of catchment rocks (Fig. 4a) ,
468
support the authigenic growth of maghemite and its subsequent transport into the lake.
469
Maghemite is an unstable magnetic mineral under reducing conditions. Its preservation 470 within sediments accumulated without the influence of glacial activity (Units 1 and 2B-
471
A) therefore suggests only mild reducing conditions.
472
Concerning grain size-dependent parameters, they demand a cautious interpretation 
Paleoclimatic implications
485
The magnetic properties of lake sediments depend on the relative importance of basin. Sediments accumulated during this period are also characterized by S-ratios as 536 low as ~0.5 (Fig. 7) . The catchment rocks with the lowest S-ratios are the tuffs from the 537 Ollo de Sapo Formation, which make up only the headwaters of the Tera valley (Fig. 1) .
538
We interpret that a shift toward lowest S-ratios in these lacustrine sediments indicates period are above those of catchment rocks (Fig. 4) , which attest to significant pedogenic 564 activity in the catchment of the lake and to the arrival of soil-derived material to the 565 lake. Since magnetite, maghemite and greigite all contribute to the ARM, it is not 566 possible to discern whether increased inputs of detrital magnetic minerals or enhanced 567 authigenic formation of greigite dominate the signal. Since authigenic greigite growth 568 was triggered by the input of terrestrial organic matter into the lake, it is likely that both 569 enhanced terrigenous supply and diagenesis operated in concert.
570
Between 11 and ~3 cal ka BP (e.g. Units 1E to 1B), low Rb/Zr ratios and high TOC 571 and C/N values dominate the record (Fig. 7) . Although ARM values and S-ratios are 572 slightly lower during this period, they are still significantly larger than those of 573 catchment rocks (Fig. 4) . This suggests slightly decreased, yet stable background 574 pedogenic activity, terrigenous supply and diagenetic conditions. The most remarkable typical of sediments accumulated before the deglaciation (Fig. 7) . We interpreted that 
